Abstract The present study was undertaken to analyze the antioxidant (both enzymic and nonenzymic) activities of leaves of Ocimum sanctum hydroalcoholic extract against cadmium induced damage in albino rats. Oral administration of cadmium as CdCl 2 (6.0 mg/kg body weight) led to significant elevation of lipid peroxidation (LPO) levels and significantly decreased Superoxide Dismutase (SOD), Catalase (CAT), Glutathione Peroxidase (GPx), Reduced Glutathione (GSH) and Vitamin C (Ascorbate) levels. Administration of Ocimum sanctum extract (100 mg/kg body weight, po) and (200 mg/kg body weight, po) before and after cadmium intoxication showed a significant decrease in LPO levels and significant increase in SOD, CAT, GPx, GSH and Ascorbate levels. The results suggest that oral administration of Ocimum sanctum extract provides significant protection against cadmium induced toxicity in Wistar albino rats.
Introduction
Cadmium (Cd) is a very toxic heavy metal and an important environmental pollutant, which is present in the soil, water, air, food and in cigarette smoke. Cadmium causes poisoning in various tissues of humans and animals [1, 2] . The uptake of cadmium into the liver is critical for the development of overall toxicity induced by the heavy metal. Approximately half of cadmium absorbed systemically is rapidly accumulated in the liver, which results in the reduced availability of cadmium to such organs as the kidneys and testes, which are more sensitive to its toxic actions [3] . The toxic effects of cadmium are due to its inhibition of liver metabolic enzyme systems containing sulphydryl groups and uncoupling of oxidative phosphorylation in mitochondria [4] , which results in increased lipid peroxidation, hepatic congestion, ischemia and hypoxia [5] . Production of ROS and oxidative tissue damage due to cadmium have been associated with hepatotoxicity [6] . Moreover, a variety of accompanying changes in antioxidant defense enzymes are reported [7] . It has been shown that free radical scavengers and antioxidants are useful in protecting against cadmium toxicity [8] . Great efforts have been made in an attempt to find safe and potent natural antioxidants from plant sources [9] . Ocimum sanctum Linn. (Labiatae), commonly known as holy basil, is an herbaceous plant found throughout the South Asian region [10] . The oil of Ocimum sanctum possesses antibacterial, antifungal, antioxidant and radioprotective properties [11] . Ancient Hindu literature is abundant with the medical actions of Ocimum sanctum [12] . Aqueous suspension of finely powdered Ocimum sanctum leaves were tested for their effect on intestinal transit in albino rats [13] . Holy basil has been shown also to be effective as antistress, adaptogenic and attenuates the stress-induced changes [14] [15] [16] . More studies revealed that Ocimum sanctum decreased lipid peroxidation and increased the activity of SOD [17] . Eugenol and ursolic acid from Ocimum sanctum have been reported to induce protection against free radical induced cellular damage [18, 19] . Keeping in view the pharmacological properties of Ocimum, present investigation has been undertaken to assess the antioxidant effect of Ocimum sanctum extract on cadmium induced oxidative stress in albino rats.
Materials and Methods

Plant Material and Extraction
Ocimum sanctum was collected from the local areas of Coimbatore, identified by a taxonomist and a voucher specimen (No. BSI/SC/5/23/08-09/Tech-1535) was deposited at Botanical Survey of India, Southern circle, Tamilnadu Agricultural University, Coimbatore, India. Fresh leaves of Ocimum sanctum were dried under shade and powdered with a mechanical grinder to obtain a coarse powder. 1 kg of powdered material was then subjected to cold maceration with 50% alcohol (1.5 l ethanol and 1.5 l water) for 3 days with intermittent shaking, filtered, evaporated and vacuum dried. A brownish residue weighing 15.5% (w/w) was obtained and kept in air tight bottles until use. The chemical constituents of the extract were identified by qualitative analysis [20] .
Animals and Experimental Design
Male albino rats (Wistar strain) weighing 150-200 g were obtained from animal breeding center, PSG Institute of Medical Sciences & Research, Coimbatore, Tamilnadu, India. They were housed in PSG College of Arts & Science, Coimbatore, Tamilnadu, India, in controlled temperature (27 ± 2°C), humidity (55 ± 10%) and light with 12:12 h L:D cycle. Animals were fed with standard pellet (Hindustan Lever Ltd., India). They were given a week time to get acclimatized with laboratory condition. Ethical clearance for the handling of experimental animals was obtained from the committee constituted for the purpose (158/1999/CPCSEA).
After acclimatization the rats were divided into six main groups (six rats in each group).
Group I: Normal control Group II: Cadmium (6 mg/kg body weight/day) as CdCl 2 orally for a period of 30 days [21] Group III: Cadmium as in group II ? Ocimum sanctum extract (100 mg/kg body weight, po) 10 consecutive days before CdCl 2 administration and until 30 days of CdCl 2 administration [22] Group IV: Cadmium as in group II ? Ocimum sanctum extract (200 mg/kg body weight, po) 10 consecutive days before CdCl 2 administration and until 30 days of CdCl 2 administration Group V: Ocimum sanctum extract (100 mg/kg body weight) and Group VI: Ocimum sanctum extract (200 mg/kg body weight)
At the end of the experimental period, the rats deprived of food overnight and sacrificed by light ether anesthesia.
Liver was removed and cleaned in normal saline. A known weight of liver was then homogenized (10% w/v) in ice cold phosphate buffer (0.1 M, pH 7.4) using potterElvehjem Teflon homogenizer. The homogenate was centrifuged at 5000 rpm at 4°C for 30 min and supernatant obtained was used for the assay of various enzymes.
Biochemical Estimations
To find out the antioxidant effect of the sample, the following parameters were analyzed. LPO [23] , SOD [24] , CAT [25] , GPx [26] GSH [27] and Ascorbate [28] .
Statistical Analysis
The results were presented as the mean ± SEM. One-way ANOVA, followed by Duncan's Multiple Range Test was adopted to all the parameters under study to test the level of statistical significance.
Results and Discussions
Phytochemical Studies Table 1 shows the phytochemical constituents present in the Ocimum sanctum hydroalcoholic extract.
It has been reported that the flavonoid constituents of the plant possess antioxidant properties [29] . Phenolics are highly effective free radical scavengers and exhibit strong antioxidant activity [30] . The antioxidant activity of phenolics is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donors and singlet oxygen quenchers. In addition, they have a metal chelation potential [31] . Table 2 indicates the levels of enzymic and non-enzymic antioxidants in the liver of various groups.
Studies on Antioxidant Enzymes
Group II rats showed a significant (P \ 0.01) increase in the liver LPO levels when compared to Group I rats. Lipid peroxidation has been postulated to the destructive process of liver injury due to cadmium administration. The increase in MDA levels in liver suggests enhanced lipid peroxidation leading to tissue damage and failure of antioxidant defense mechanisms to prevent formation of excessive free radicals [32] . Group III and Group IV rats administered with low and high doses of Ocimum sanctum extract showed a significant (P \ 0.01) decrease in the liver LPO levels when compared to Group II rats. This may be due to the presence of flavonoids and phenolic compounds which have been recognized as excellent scavengers of superoxide, hydroxyl ion and peroxyl radicals thereby inhibiting lipid peroxidation [33] .
In Group II rats there was a significant (P \ 0.01) decrease in SOD, CAT, GPx, GSH and Ascorbate levels in the liver when compared to Group I rats. The decrease in SOD levels may be due to inactivation of SOD by either cadmium induced lipid peroxidation [34] or the antagonistic effect of cadmium with copper and zinc, which are important metals for the activity of SOD molecule [35] . The reduction in the activity of Catalase is due to the accumulation of superoxide radicals and hydrogen peroxide.
The decrease in GPx levels could be due to insufficient disposal of peroxides and results in elevated lipid peroxidation [36] . The decrease in GSH levels in the liver when compared to Group I rats could be probably due to either increased utilization of GSH by the cells to act as scavengers of free radicals caused by toxic chemical agents, or enhanced utilization of GSH by GPx [37] . The decrease in Vitamin C levels in the liver may be due to an increased reaction of Vitamin with ROS in the defense process. Vitamin C exist in the interconvertible reduced and oxidized forms [38] thus participate in neutralizing free radicals as and when they are formed.
In the present study, Group III and Group IV rats showed a significant (P \ 0.01) increase in the levels of SOD, CAT, GSH, Ascorbate levels and significant (P \ 0.05) increase in the GPx levels when compared to Group II rats. This shows that the Ocimum sanctum extract can reduce reactive free radicals that might lessen oxidative damage to the liver and improve the activities of the hepatic antioxidant enzymes like SOD and CAT, protecting the liver from cadmium intoxication. The increase in GPx levels in the liver may be due to increased supply of GSH for the activation of GPx [26] . Ocimum sanctum probably increased the levels of reduced glutathione by facilitating reduction of oxidative free radicals by H donation [39] . The increase in ascorbate levels may be due to a defense response of the organism to oxidant injuries caused by cadmium [40] , indicating that the extract has the ability to combat produced free radicals, enhancing the recovery of the animals from cadmium induced damage, compared to the untreated group. No significant difference was found in all the parameters in the liver of Group V and Group VI rats when compared to Group I rats.
Conclusion
This dose dependent suppression of cadmium induced adverse effects on liver antioxidants status suggest that the hydroalcoholic extract of Ocimum sanctum has antioxidant activity based on free radical scavenging or modulation of antioxidant status and tissue regeneration in the liver of cadmium intoxicated rats. 
